The public distribution system (PDS) is state run supply chain for food grains in India. The PDS in India is the largest distribution machinery of its type in the world. Many studies have been carried out across the world to understand the food grains supply chain in the private sector. This study is an attempt to understand the government-run food grains supply chain which has an obligation to fulfil social responsibility. The survey technique used to identify the influencing factors through factor analysis. Subsequently, analytical hierarchy process technique recognises the priority and rank of the service quality dimensions. This paper suggests measures to improve the service quality dimensions of the authorities, which helps to improve the perceived level of consumers' satisfaction level.
government approach to boost the food grain sector is supply-driven, i.e., trying to remove the supply bottlenecks to augment production. As about two-thirds of India's population earn their income from agriculture, and an Indian household spends a substantial part of its expenditure on food grains, the structure and efficiency of the Indian food grains supply chain is not inconsequential for the Indian economy. For example, at the national level, people spend on an average about 63% of their total expenditure on food items in the rural areas and about 55% in the urban areas. Of the expenditure incurred on all the food items, the expenditure on food grains accounts for 45% in the rural areas and about 32% in the urban areas. The lower income population spends over 70% of the total expenditure on food. Of their expenditure on food, the population spend about 50% on food grains in the rural areas and over 40% in the urban areas (GOI, 2010) .
The food grains supply chain consists of all the activities, which are involved in the movement of the food grains from the producers to the consumers. These activities include purchase, storage, transportation, distribution and processing of food grains. The market arrangements structure the incentives to produce and trade food grains and, there by, guide the economic activity within the agricultural sector. The government intervenes in the food grain markets in India, not only indirectly through pricing and other regulative policies, but also directly as a buyer and seller of food grains. There are dual food grain markets in India: a government controlled public market, and an open -private market. About half the market of food grains is routed through the government controlled channel, and the other half through the private. However, the share of the private sector is contributed by a large number of traders competing with each other and that of the government is concentrated in one agency, the Food Corporation of India (FCI) (Gulati et al. 1996) . The existing system of food grains management -with its origins in the unprecedented consecutive severe droughts of 1965-66 and 1966-67 , necessitating massive emergency food aid imports and the subsequent need to disseminate high-yielding varieties -is characterised by the dominant presence of the government in all the basic aspects of marketing, viz., procurement, storage and distribution, with all these operations being bundled and carried out by the FCI, the nodal parastatal agency. The FCI procures food grains in the form of wheat or paddy directly from farmers and in the form of rice from rice millers. It is essentially a system of open-ended procurement, under which the FCI is obligated to buy all the grains that farmers offer to sell at the prescribed procurement price, as long as the grains meet a certain quality standard. Where it operates, this open-ended procurement system effectively renders the procurement price to be a support price below which the prices do not fall. With regard to rice, the millers are obligated to sell a certain fraction of their produce to the FCI at the levy price, which makes it essentially a 'tax' on millers. The operation of the FCI is aided by the whole paraphernalia of self-serving legislations, rules and guidelines, most important amongst which are the monopoly control over trade in food grains, and internal movement and storage restrictions on private traders. Apart from the central governments' procurement of food grains through FCI, state governments also buy food grains through their state owned agencies. The grains procured by the FCI and state government agencies are used to maintain a buffer stock and to meet the needs of the public distribution system (PDS) and various other welfare programmes that the government runs. The FCI is responsible for storing, transporting and distributing the grains through the PDS (GOI, 2001) .
PDS in India
The PDS in India is perhaps the largest distribution machinery of its type in the world. The PDS is the key element of the government's food security system in India. It is an instrument for ensuring the availability of certain essential commodities at affordable prices, especially for the poor. The PDS is one of the instruments for improving food security at the household level in India (GOI, 1997) . The PDS ensures the availability of essential commodities like rice, wheat, edible oils, sugar and kerosene to the consumers, through a network of outlets. These commodities are supplied at below market prices to consumers (Jha and Srinivasan, 1999) . In addition to sugar, edible oils and kerosene, food grains, mainly rice and wheat, are distributed to the public via a network of fair price shops (FPS). The government, via the FCI, procures and stocks food grains which are released every month for distribution through the PDS network across the country (Radhakrishna et al., 1997) .
The system of procurement is also used by the government of India to provide minimum support prices to the farmers so as to stabilise farm output and income. To begin with, in nineteen sixties, efforts were made to procure rice and wheat not only for normal distribution through FPS under the PDS, but also to maintain buffer stocks, which were built in the years of good production to tide over the periods of lean production. In the eighties, given the increase in the food grain production and the resilience in the agricultural production scenario, the Government of India decided to operate a system, whereby certain norms were fixed regarding the quantities to be held by the FCI at different points of time during the year, thus merging the stocks meant for normal distribution and buffer stocks (GOI, 2002) .
The PDS has been one of the most decisive elements in the food policy and food security system in country. The concept of the PDS in the country was evolved around 1942 due to shortage of food grains during 2nd World War and government intervention in the distribution of food started. This intervention of the government in the distribution of food grains during times of food scarcity and, thereafter, continued in major cities, towns and certain food deficit areas. This policy of the PDS or rationing system has undergone several changes. The five year plans assigned to it a crucial role by bringing the larger population under the PDS, and it became a permanent feature in the country's economy (GOI, 2007) . The PDS was established with three objectives: the country (GOI, 2010). George (1996) attempted to analyse the public distribution of food grains and the income distribution effects in Kerala. He has tried to estimate the possible impact of rationing on the incomes of the consumers using the relationship. The results for Kerala suggest that the system is economically viable. Further, ration rice, according to this study, accounted for a major share of the rice consumption of consumers belonging to low income groups. This huge network can play a more meaningful role if only the system is able to transform from a micro level to a macro level self-sufficiency by ensuring availability of food grains for the poor households. Ahluwalia (1993) reports that the poorest 40% of the Indian population consumes 40%-50% of food grains sold through the PDS. The richest 40% of the population gets 30%-35% of the grains. Bapna (1990) argued that the poor have not been able to take advantage of the PDS to that extent, due to the lack of income, the location of the FPS, and the uncertainty of supplies.
Reforms and targeting in PDS began with the revamped PDS in 1992, when certain backward regions received higher subsidies. Parikh (1994) provides quantitative estimates on different parameters, which facilitate comparison and trends. Recent state specific articles on the working of the PDS like Mooij (2001) , Swaminathan and Misra (2001) , and Bhargava (2001) help supplementing and reinforcing the study. However, geographical targeting was given up in 1997, when it was substituted by the targeted public distribution system (TPDS). It was introduced in the backdrop of the PDS as it stood earlier, being widely criticised for its failure to serve the population below the poverty line, its urban bias, its poor coverage in the states with the highest concentration of the rural poor and lack of transparent and accountable arrangements for delivery. Several previous studies also claim that there is an urban bias in PDS in most states. These studies include George (1985) , Krishna and Chhibber (1983) , Gupta (1977) , Gulati and Krishnan (1975) and Vyas and Bandyopadhyay (1975) . A contrary view can be found in Ahluwalia (1993) and Dev (1996) who claimed that there is no urban bias in the PDS. Their results, however, may be biased since they are based on a survey conducted in a drought year. In a drought year, supplies to rural areas increase, which may bias the results. Under the TPDS, there is a distinction between 'Below Poverty Line (BPL)' households and 'Above Poverty Line (APL)' households. As it stood earlier, the PDS was criticised on a wide front: its failure to serve the BPL population, for its perceived urban bias, negligible coverage in states with a high density of rural poor and lack of transparent and accountable arrangements for delivery. Following the TPDS introduction (Geetha and Suryanarayana, 1993) , representations were received from several states and union territories, that the new allocation was much lower than the earlier level of allocations, particularly during 1996-97. The studies of Krishna and Chhibber (1983) indicate that regional restrictions have increased the inter-regional variation in food grains.
Tamilnadu state scenario
This section illustrates the state-specific unique practices of the PDS in the State of Tamilnadu. PDS of the state of Tamilnadu has been chosen because it adopts Universal PDS as against the restrictive distribution systems of other Indian states. Even though the Government of India introduced the TPDS from 1997, under which rice and wheat are supplied to the families at differential prices, based on the above poverty line and below poverty line category of the family, the State Government of Tamil Nadu has been implementing the Universal PDS. There is no categorisation of families based on the income criterion. There are three agencies including the department of civil supplies, involved in the implementation of the PDS in Tamil Nadu; the other two being the Tamil Nadu Civil Supplies Corporation (TNCSC) and the registrar of cooperatives. Under the system of untargeted PDS being implemented by Government of Tamil Nadu, which does not distinguish between APL and BPL in the provision of subsidised food grains, the TNCSC, which has 30 regions, each catering to a revenue district, plays an active role by procuring, storing and processing the paddy required, in addition to the central government allotment of food grains, and by lifting grains and other PDS items from the FCI and distributing them for sale through the PDS outlets. As on June 2009, and as per the Commissioner of Civil Supplies and Consumer Protection, Government of Tamilnadu, there are 27,848 FPS, of which 26,059 shops are run by cooperatives, 1,145 by the TNCSC Limited and 282 by others. Apart from these shops, there are 4,507 parttime FPS, 30 mobile vans and 326 sub-retail outlets run by women (Women's Self Help Groups).
The PDS distribution channel in Tamil Nadu is unique in a couple of respects. First, private parties are not allowed to run FPS in the State. About 96% of them operate in the cooperative sector, and the rest are TNCSC run. The cooperative societies, under the control of the registrar of cooperatives, receive the PDS items directly from the TNCSC and issue them to the FPS through link societies, primarily agricultural cooperative banks and primary cooperative stores, which run the FPS. Some of these societies function as lead societies. There are certain societies, which lift their quota of PDS items themselves from the TNCSC godown (warehouse), for which the margin has been fixed differently. The second unique feature in Tamil Nadu is the extension of cash credit facility through District Central Cooperative Banks to the lead societies, which gets percolated to the FPSs. After distributing the items to the FPSs, the lead societies prepare credit bills in the name of link societies, which run the FPSs and submit them to the financing bank. The bank debits the accounts of the link societies. The everyday sale proceeds of the FPSs are remitted by the link societies in their cash credit account with the district central cooperative bank. For avoiding diversion of the PDS grains, the Government of Tamil Nadu has introduced an option card system. Under this system, the cardholders who do not require rice would get additional quantities of sugar or kerosene. Cooperative societies have become accelerators for the success of the PDS in Tamil Nadu. To procure essential commodities and supply them to the public, an established and organised agency becomes essential. Tamil Nadu sets a model in implementing the PDS as a universal system for the cause of eradicating poverty and improving the standard of living of the people living below the poverty line. The timely supply of essential commodities is the basic element for the success of the PDS. Infrastructure, i.e., FPS, godown (warehouse) facilities and employees are other requisites of the PDS. The system of the Universal PDS followed in Tamil Nadu with its effective and diligent mechanism of implementation, has contributed to a great extent in stabilising the food grain price even during the drought years.
PDS from the supply chain perspective
The food grains supply chain is constituted by both state run agencies as well as the private sector. Singh et al. (2010) tried to review the supply chain practices and identified factors responsible for selecting best supply chain management practices and developed structural relationship among the factors. The government controls the PDS and the private sector players dominate in the open market for food grains. The supply chain of food grains is depicted in Figure 1 . The FCI procures essential commodities on behalf of the central government, and stores them in the FCI's warehouses across the country. In order to provide easy physical access in deficit, remote and inaccessible areas, the FCI has a network of storage depots strategically located all over India. These depots include silos, godowns (warehouse) and an indigenous method developed by the FCI, called the cover and plinth (CAP). CAP storage is a term given to storage of food grains in the open with adequate precautions such as rat and damp proof plinths, and covering of stacks with specially fabricated polythene covers etc. The stored commodities are distributed to different state governments. State government agencies take it forward to the consumers, with different infrastructural modalities. The TNCSC procures essential commodities on behalf of Government of Tamil Nadu. The procurement and delivery of essential commodities is performed at every taluk (Village or Town) level by the lead societies, viz., consumer cooperatives and marketing cooperatives. These commodities are stored temporarily at the taluk (Village or Town) warehouses, and then transported to district level TNCSC warehouses or FCI warehouses. The TNCSC has set up purchase centres at district levels also. These centres are closer to the cultivation locations, and within the premises of the district warehouses. The distribution centres of the TNCSC receive food grain commodities from the FCI against the state quota, from central pool and their district warehouses. The stocks from the taluk (Village or Town) level warehouse are sent to the district warehouses, as per allocation made to them by the district level authorities every month. Part of the production of the rice millers is delivered to the district warehouses as levy. The FPS gets its commodity supply for distribution to the consumers. Cooperative societies run the majority of the FPSs. The cooperatives have become an organised agency for the supply of essential commodities to the public in the state of Tamil Nadu. In the procurement stage as well as in the supply stage, the role of the cooperatives is very important. Cooperative societies are actively involved in ensuring food security in the state of Tamil Nadu. The movement of food grains from cultivation to consumption, through governmental agencies like the FCI and TNCSC, are part of the state run supply chain. In the private sector, there are two routes for the food grains supply chain. In the first route, rice millers buy rice from farmers and sell the processed rice to the retailers. The second route is the traditional business route: farmers sell their produce to commission agents who are intermediaries between producers and consumers. Commission agents transfer the commodity to the wholesalers. There are single or multiple commission agents between farmers and wholesalers. Wholesalers procure, store and sell food grains to retailers. Retailers sell rice and other food grains to consumers.
Methodology
Very often the PDS is criticised for its ineffectiveness and inefficiency in achieving its objectives. Studies highlighting the poor quality of goods supplied (Dutta and Ramaswami, 2001) , under weight (Bhargava, 2001) , leakage of the PDS commodities to the open market (Ahluwalia, 1993) and non-availability of commodities (Dev et al., 2004) . The research findings of Obinna (2010) emphasise the importance of logistics skills and performance of firms. Though a number of studies has been conducted on the PDS, the expectations and perceptions of the PDS have not been studied and measured quantitatively, from the consumer perspective. Hence, it becomes necessary to assess the effectiveness of the PDS from the users' perspective.
Objectives of the study
The objectives of the present study are:
• To understand the state run supply chain and distribution machinery of the food grains sector.
• To understand the customers perception and expectation of the service performance of the PDS.
• To understand the underlying factors influencing the service performance evaluation.
Research frame
The present study is empirical in nature using primary data. The survey method was followed for this study. A multi-stage random sampling method was adopted from eight out of the ten municipal corporation zones of Chennai city in the state of Tamilnadu. In the second stage, two municipal wards from each zone were selected as a frame for this study. In the third stage, five FPS were selected for the collection of samples from each ward. The respondents are drawn by the probabilistic sampling method. The sampling frame is as follows Rejected responses due to error : 32
Net sample respondents : 1,968
Sample size
In addition to the purpose of study and population size, other criteria are to be specified to determine the appropriate sample size: the level of precision, level of confidence and degree of variability in the attributes being measured (Miaoulis and Michener, 1976) . The Sample size is determined, based on the published tables, which provide the sample size for a given set of criteria. Table 1 presents the sample sizes that would be necessary, for the given combinations of precision, confidence levels, and variability from the published table. This should be noted, as the sample sizes reflect the number of obtained (complete and accurate) responses, and not necessarily the number of surveys planned, and presume that the attributes being measured are distributed normally or nearly so. Data from 2,000 respondents were collected, and out of that 32 were rejected for incomplete data. The sample size of 1,968 considered for the analysis is adequate.
Pilot study
The pilot study is designed and conducted to test the instruments used for data collection. The pilot study data were collected from 200 consumers from eight FPS. These shops were under two municipal zones. The questionnaire is the instrument used, followed by a personal interview. The focus interview consists of open-ended questions and a set of questions in the form of a questionnaire. The adaptation of the research questions for the instruments was extracted from research journal papers (Mooij, 2001) . Individual questions are formulated, based on the items considered for the construction of the research instrument. The questions were formulated to address the following points and attempt to fulfil the study objectives: Notes: Sample size for: precision levels ±5%, ±7% and ±10%; confidence level is 95%; P = 0.5.
Research instruments
The instrument used for the research data collection was a structured questionnaire. The scale development combined into an instrument is tested through the pilot study with respondents from multiple strata. The pilot study data is analysed, using the confirmatory factor analysis (CFA) with the help of the software packages SPSS. Scale reliability and validity were assessed by the CFA. The research work of Dutta and Ramaswami (2001) has been referred for factorisation. A five-point Likert scale was used, with attributes '1' being 'Not Important', '2' -'Somewhat Important', '3' -'Important', '4' -Very Important' and '5' being 'Most Important', for measuring the significance of the factors in decision making. The research instrument development is based on the pilot study. The questionnaire design guidelines, to verify the relevance of the questions, breaking questions whenever it was required and ensuring that the questions do not demand participant's recall ability, are followed. The questioning environment and instrument description of the considered factors are listed in Table 2 . Consumers of FPS are the target respondents for data collection. The respondents are requested to answer each of the 12 questions on a five point scale as explained above. 
Analysis and discussion
In order to assess the level of the satisfaction of the consumers and to understand the factors influencing the consumers' expectation and perception of the service performance of the state run food grains supply chain, a study was carried out with the proposed methodology. Data was collected from the administered questionnaire, with a sample size of 1,968 consumers.
Factor analysis
A factor analysis was carried out to derive the service quality dimensions. The correlation matrix of the inter correlations between the studied variables is obtained. The Kaiser
Mayer-Olkin (KMO) test to measure the sampling adequacy and Bartlett's test of sphericity were conducted to examine the appropriateness of the factor analysis and the values are tabulated in Table 3 . The Bartlett's test output of a chi square value of 867.663 with a significance level of 0.000 shows, that the sample taken from the total population under study is adequate. The KMO test output of 0.712 further confirms the adequacy of the sample. The results of these tests also indicate the suitability of the application of the factor analysis, which is considered as an appropriate technique for further analysis of data. .000
The initial and extracted communalities are shown in Table 4 . The initial communalities are estimates of the variance in each variable and the extracted communalities are estimated for the components in the factor analysis results. The extraction of factors by the principle component method and varimax rotation is explained in Table 5 . The separation of the mutually exclusive components by the rotated component matrix is listed in Table 6 . The service quality dimensions of the PDS of the food grains supply chain are derived from the rotated component matrix, and the same is illustrated in Table 7 . The five service quality dimensions are stock, measure, assurance, support and facility. The dimension 'Stock' consists of the variable availability of the food grains, fill ratio on entitlement, stock out situations, and regular supply of food grains. Variables accuracy in measures (weight) and packaging are part of the 'Measure' dimension. The dimension 'Assurance' covers the variables information on the availability of food grains and their quality. Customer relationship and the grievance redressal system variables form the dimension 'Support'. The dimension 'Facility' consists of the variables accessibility of the PDS and FPS operating hours. 
Analytic hierarchy process
The derived factors (dimensions) from the factor analysis are taken for the analytic hierarchy process (AHP) technique. Active members of the Consumers Association of India (CAI), Chennai have been consulted to prepare the pair-wise comparison of the matrix of the PDS service quality dimensions. The basic pair-wise comparison matrix is listed in Table 8 and normalised pair-wise comparison of dimensions is shown in Table 9 . The total of the elements in each row of the normalised pair-wise comparison matrix listed in Table 9 divided by 5 (number of dimensions). The resultant values, listed in Table 10 , are the priority matrix and the eigen value estimation of the matrix. The PDS service quality dimensions in the priority matrix are ranked as per the priority values. In order to verify the pair wise comparison matrix, Saaty (1980) proposed the consistency index (CI), consistency ratio (CR) and listing values of the random index (RI). The CI and CR are defined as follows.
( ) The CR is 0.0861 which is smaller than 0.10 proved that the AHP results are consistent. The rank listed in Table 10 , helps to achieve the objective of improving the state run PDS of the food grains supply chain. The service quality dimension 'Stock' is considered by the consumer community as the highest priority for improvement. The dimensions 'Measure' and 'Assurance' are the second important dimensions to be improved, as perceived by consumers. The elements in the dimensions 'Support' and 'Facility' are considered as the least important.
Validation of the AHP model
One of the advantages of the AHP is its ability to measure the degree of consistency present in the subjective managerial judgment (Marlene, 2003) . Therefore, it can be measured as the magnitude of departure from the perfect consistency (Canada et al., 1996) . AHP technique used for pair-wise comparisons of main supply chain functions, processes and criteria. Total weights of each function and its processes in generating value towards the entire supply chain were calculated and their priorities were identified. Total weight of each criterion in evaluating the performance of supply chain was also calculated and a short list of the most important, practical and strategic performance measures is proposed to help managers and practitioners in analysing their supply chains (Askariazad and Wanous, 2009 ). The local CR is an approximate mathematical indicator, or guide, of the consistency of the pair-wise comparisons. It is a function of what is called the 'maximum eigen value' and size of the matrix (called a 'consistency index'), which is compared against similar values, if the pair wise comparisons had been merely random (called a 'random index'). If the ratio of the CI to the RI (called a 'consistency ratio') is no greater than 0.1, Saaty suggests that the consistency is generally quite acceptable for pragmatic purposes. The CR of the AHP model are calculated next. The CR = 0.0861, is smaller than 0.1; thus, the previous pair wise comparisons are reasonably consistent.
Conclusions
The PDS is a state run supply chain for food grains in India and the world largest distribution machinery of its type. This study enables us to understand the food grains supply chain and the customers' perception and expectation of the service performance of the PDS. Elements, which constitute the factor affecting and help improving stock levels, are availability of food grains, stock out situations, regular supply of food grains and fill ratio on entitlement. Manage and control these four elements contribute food grains off the shelf availability at stores. Measure quality factor improvement is based on accuracy in weight measurement and food grain packaging. Packaging of food grains is not only improves the measurement but wastage also. Information on the availability of food grains and grade of food grins in stores level are the elements in product assurance factor. These factors aid the decision makers in understanding the service performance evaluation of PDS. Factors influencing the service performance help to evaluate the satisfaction of distribution with the chain and the service quality dimensions identified in this study help to improve the satisfaction of the consumers of the PDS. The state government should concentrate and deploy resources to improve the elements in the dimensions stock, measure and assurance, to attain a higher level of performance of the supply chain. Improvements of these dimensions will lead to a higher level of consumer satisfaction. Current research has designed an AHP condition assessment model, which is used as a tool for prioritising and ranking the underlying factors -stock, measure, assurance, support, and facility. The developed model is relevant to researchers and practitioners (PDS policy makers in the government, supply chain consultants, distribution agencies and logistic players, like warehouse maintenance authorities and transporters) in order to improve the food grains supply chain in the public domain.
